ABSTRACT Radio-mode AGN feedback plays a key role in the evolution of galaxy groups and clusters. Its physical origin lies in the kpc-scale interaction of AGN jets with the intracluster medium. Large-scale jet simulations often initiate light internally-supersonic jets with density contrast 0.01 < η < 1. Here we argue for the first time for the importance of very-light (η < 0.01) internally-subsonic jets. We investigated the shapes of young X-ray cavities produced in a suite of hydrodynamic simulations, and found that bottom-wide cavities are always produced by internally-subsonic jets, while internallysupersonic jets inflate cylindrical, center-wide, or top-wide cavities. We found examples of real cavities with shapes analogous to those inflated in our simulations by internally-subsonic and internallysupersonic jets, suggesting a dichotomy of AGN jets according to their internal Mach numbers. We further studied the long-term cavity evolution, and found that old cavities resulted from light jets spread along the jet direction, while those produced by very light jets are significantly elongated along the perpendicular direction. The northwestern ghost cavity in Perseus is pancake-shaped, providing tentative evidence for the existence of very light jets. Our simulations show that very-light internallysubsonic jets decelerate faster and rise much slower in the ICM than light internally-supersonic jets, possibly depositing a larger fraction of jet energy to cluster cores and alleviating the problem of low coupling efficiencies found previously. The internal Mach number points to the jet's energy content, and internally-subsonic jets are energetically dominated by non-kinetic energy, such as thermal energy, cosmic rays, or magnetic fields.
INTRODUCTION
Radio-mode AGN feedback is widely thought to play a key role in the evolution of hot gas and massive elliptical galaxies in groups and clusters of galaxies, suppressing cooling flows and the associated growth of massive galaxies (e.g., McNamara & Nulsen 2007; McNamara & Nulsen 2012; Yuan & Narayan 2014) . One compelling evidence comes from numerous detections of kpc-sized surface brightness depressions in X-ray images of galaxy groups and clusters, the so-called "Xray cavities". Many cavities are associated with radio jets and spatially coincident with radio lobes (e.g., Boehringer et al. 1993; Fabian et al. 2002; Bîrzan et al. 2004; Croston et al. 2011) , indicating that they are evolved from the interaction of AGN jets with the intracluster medium (ICM).
AGN jets are accelerated near the vicinities of accreting supermassive black holes (SMBHs), extracting energy from either SMBHs' spin energy (Blandford & Znajek 1977) or accretion disks (Blandford & Payne 1982) . While they are often observed to have relativistic speeds on pc and smaller scales (Shklovskii 1964) , AGN jets in galaxy groups and clusters often decelerate significantly to form kpc-sized X-ray cavities on kpc to tens-of-kpc scales (McNamara & Nulsen 2007) . Some old ghost cavities even seem to rise buoyantly in the ICM, without any signatures of sustaining influence of initial jet momentum (e.g., in the Perseus cluster; Fabian et al. 2000) .
The whole process of jet acceleration, propagation, and deceleration from black hole vicinities (the Schwarzschild radius ∼ 10 −4 pc M bh /10 9 M ⊙ ) to tens of kpc scales is far from clear, involving a radial dynamic range too large to be studied self-consistently in numerical simulations. A related issue is the dominant composition within AGN jets and X-ray cavities, which are quite unclear either (e.g., Croston & Hardcastle 2014) . State-ofthe-art simulations of AGN jets in galaxy clusters typically use spatial resolutions of hundreds pc to few kpc, and often adopt kinetic-energy-dominated jets (the socalled "mechanical feedback"; e.g., Gaspari et al. 2011 and Yang & Reynolds 2016) . These jets are supersonic with respect to both the ambient ICM and the internal jet plasma, depositing a large amount of their energy to large distances with relatively low efficiencies in heating cool cluster cores (the "dentist drill" effect; Vernaleo & Reynolds 2006) .
Recent simulations often invoke jet precession with an angle of around 10
• -25
• to remedy this problem (Gaspari et al. 2012; Li et al. 2015; Yang & Reynolds 2016; Nawaz et al. 2016) .
Jets with even larger precession angles (30 Sternberg & Soker 2008a) , wide jets (outflows) with large opening angles (Sternberg et al. 2007; Gilkis & Soker 2012; Prasad et al. 2015; Hillel & Soker 2016) , cosmic-raydominated jets (Guo & Mathews 2011) , and internally transonic jets (Mendygral et al. 2012; Li & Bryan 2014) have also been studied. Recent observations by Randall et al. (2015) suggest that shock waves Figure 1 . Sketch of an X-ray cavity (yellow-shaded region) in a galaxy cluster. We characterize the cavity shape with two parameters: radial elongation τ ≡ d j /dp and top wideness b ≡ dw/d j . The value of τ depends sensitively on the projection effect, while b does not.
induced by AGN outbursts can heat the ICM roughly isotropically, while theoretical studies have proposed mixing (Gilkis & Soker 2012; Hillel & Soker 2016) , turbulent heating (Zhuravleva et al. 2014) , sound waves (Ruszkowski et al. 2004) as the main channel of transferring the jet energy to the ICM.
Without resolving the jet propagation on sub-pc scales, kpc-scale properties of AGN jets adopted in numerical simulations may play a key role in predicting the coupling between the jet energy and cool cluster cores. In Guo (2015) , we used a suite of hydrodynamic simulations to study the connection between jet properties and the shapes of young X-ray cavities, identifying two key jet parameters affecting the cavity shape: density contrast (η ≡ ρ jet /ρ amb , where ρ jet and ρ amb are the densities of the jet plasma and ambient ICM at the jet base ∼ 1 kpc) and the internal Mach number (M int ≡ v jet /c s,jet , where v jet and c s,jet are the jet speed and the sound speed in the jet interior). The former classifies AGN jets into two types -internally subsonic (M int < 1) and internally supersonic (M int > 1) jets, while the latter may separate jets into three different types: heavy (η > 1), light (0.01 < η < 1), and very light (η < 0.01) jets.
In this paper, we further argue for the physical importance of very-light internally-subsonic AGN jets in radio-mode AGN feedback, with the main purpose of drawing attention of computationalists who almost always adopt light internally-supersonic jets in simulations of AGN feedback in galaxy clusters. In Section 2, we summarize the shapes of young X-ray cavities in our idealized jet simulations, and by comparing with observations, we provide evidence for a potential dichotomy of internally-subsonic and internally-supersonic jets in real galaxy clusters. We then further study the long-term evolution of four representative types of AGN jets in the ICM in Section 3, arguing that very light jets indeed exist in real clusters. In Section 4, we discuss the potential importance of very-light internally-subsonic AGN jets in radio-mode AGN feedback. We summarize and discuss our results in Section 5.
EVIDENCE FOR INTERNALLY SUBSONIC JETS FROM YOUNG X-RAY CAVITIES
The properties of AGN jets strongly affect their propagation and the associated formation of X-ray cavities in galaxy clusters. Using a suite of hydrodynamic jet simulations, Guo (2015) demonstrates that the shapes of X-ray cavities during and shortly after their formation (thereafter referred as "young X-ray cavities") are Figure 2 . Sketch of young X-ray cavities produced by AGN jets with various values of density contrast η and internal Mach number M int . The shapes of young X-ray cavities are summarized from hydrodynamical jet simulations in Guo (2015) and an addition simulation R5 (to produce the right-bottom cavity). The cluster center is assumed to be an arbitrary point below each cavity along its symmetry axis. strongly affected by two key jet parameters on kpc scales -density contrast η and the internal Mach number M int , while the shapes of old X-ray cavities are further affected by the ICM viscosity. In this section, we further argue that the shapes of young X-ray cavities can be used to probe M int , and suggest that at least some AGN jets may be internally subsonic.
2.1. Probing Jet Properties with the Shapes of Young X-ray Cavities We investigated jet evolution in a suite of twodimensional axisymmetric simulations in cylindrical coordinates. The setup of our simulations was presented in detail in Guo (2015) . We initiate a uniform, wellcollimated jet at a distance of around kpc from the cluster center, and follow its evolution in the well-observed Virgo cluster. The jet is active constantly for a period of t = t jet , and we focus on the shapes of resulting young Xray cavities at t = 1.5t jet and their long-term evolution in the ICM. Key jet parameters and the ICM dynamic viscosity coefficient (µ visc ) in the simulations presented in the paper are listed in Table 1 . The jet duration t jet = 5 Myr and radius r jet = 1 kpc are the same in all these simulations.
The shapes of X-ray cavities may be characterized by two geometrical parameters, as shown in Figure 1 . Radial elongation τ ≡ d j /d p is defined as the ratio of the cavity axis along the jet direction (d j ) to that along the direction perpendicular to the jet direction (d p ). The other parameter, top wideness b, represents the relative location in the jet axis of the cavity's widest size along the perpendicular direction, b ≡ d w /d j , where d w is the distance from the cavity bottom to the location of its widest size in the perpendicular direction. From the observational point of view, b is more useful to probe jet properties, as it does not depend on the inclination of the cavity with respect to the line of sight, while the value of τ is strongly affected by the projection effect. According to the value of b, an X-ray cavity can be topwide (b > 0.5), center-wide (b ∼ 0.5), or bottom-wide (b < 0.5).
The dependence of the shapes of young X-ray cavities on M int and η is summarized in Figure 2 , based mostly on a suite of simulations presented in Guo (2015, see Fig. 2, Fig. 4 , and Table 1 ). The left-top and leftmiddle panels are based on runs Rv2 and Rv1 in Guo (2015) respectively, while the left-bottom panel is drawn from results of runs R1 and R2. The right-top and rightmiddle panels are based on runs R4 and R3 in Guo (2015) respectively. The right-bottom panel corresponds to a new simulation (denoted as run R5) with η = 0.1 and M int = 0.48. The setup of run R5 is the same as in run R4, except that the jet energy density is increased by a factor of η e = 100, resulting in a larger sound speed and a smaller Mach number within the jet. The resulting Xray cavity can be seen in the top-left panel of Figure 4 , which shows the synthetic X-ray surface brightness map in run R5 at t = 1.5t jet . Figure 2 clearly shows the potential of using the shapes of young X-ray cavities, particularly the top wideness, to probe the internal Mach number of AGN jets. Bottomwide cavities are always produced by internally-subsonic jets, while internally-supersonic jets tend to produce nonbottom-wide cavities, including cylindrical cavities (by very light jets), center-wide and top-wide cavities (by light jets). This result is very robust, and is not affected by the projection effect. As shown in Guo (2015) , additional jet parameters, e.g., the jet radius and duration, only affect radial elongation of young X-ray cavities, but not top wideness. Combining with deep X-ray observations of galaxy groups and clusters, we encourage X-ray observers to use Figure 2 as a guidance to investigate the properties of AGN jets and radio-mode AGN feedback. Figure 3 shows jet evolution in four representative simulations at three representative times t = 3, 7.5, and 60 Myr. The left two columns show the evolution of a very-light internally-subsonic jet in the non-viscous and viscous ICM, while the right two columns show the evolution of a light internally-supersonic jet in the non-viscous and viscous ICM. As expected, the jets in non-viscous runs R1 and R4 produce backflows, and thus form vortices within the cavities. In comparison, the very light jet in run R1 produces stronger backflows, leading to significant side expansion at the bottom of the resulting cavity, and thus resulting in a bottom-wide cavity. Viscosity tends to dissipate velocity shears, and the impact of viscosity on the flow structure is more significant for very light jets (∂v/∂t ∝ µ visc /ρ). As discussed in more detail in Guo (2015) , for both very light and light jets, viscosity at the level of µ visc = 100 g cm
does not affect the shapes of young X-ray cavities, but significantly affect the long-term cavity evolution by sup- a η = ρ jet /ρ amb is the initial jet density normalized by the ambient ICM gas density at the jet base. b ηe = e th /e amb is the initial jet thermal energy density normalized by the ambient ICM energy density at the jet base. cṀ jet = ρ jet πr 2 jet v jet is the mass deposition rate that each jet injects into the ICM at the jet base.
jet πr 2 jet /2 is the kinetic power of each jet. e P th = e j v jet πr 2 jet is the thermal power of each jet. f Ptot = P ki + P th is the total power of each jet.
pressing the development of torus-like structures seen in non-viscous runs.
Internally Subsonic Jets and A Dichotomy in
Radio-mode AGN Feedback As indicated in Figure 2 , internally-subsonic and internally-supersonic jets produce young X-ray cavities with different shapes in the hot ICM. Two representative examples of young X-ray cavities produced in our simulations are shown in top panels of Figure 4 , which shows synthetic X-ray surface brightness maps (line of sight projections of the gas cooling rate along an arbitrary direction perpendicular to the jet axis in units of 10 −4 erg cm −2 ) at t = 1.5t jet = 7.5 Myr. The top-left panel contains a bottom-wide cavity produced by a light, internally-subsonic jet in run R5. Bottom-wide young cavities can also be produced by very light, internallysubsonic jets, as shown in Figure 3 (runs R1 and R1-visc2). The top-right panel contains a center-wide cavity produced by a light, internally-supersonic jet in run R3.
The dichotomy of internally-subsonic and internallysupersonic jets in our simulations may also exist in real galaxy clusters. Here we discuss two archetypical AGN feedback events in Perseus and Cygnus A. The bottomleft panel of Figure 4 shows the Chandra 0.5-7 keV image of Perseus (Fabian et al. 2000) , which clearly indicates two bottom-wide X-ray cavities enclosed in dotted lines near the center. These two cavities are relatively young, radiating 1.4 GHz radio emissions (Fabian et al. 2000) . According to our scenario (Fig. 2) , these two bottomwide cavities were potentially produced by internallysubsonic jets, which could be light or very light. It was previously argued by Sternberg et al. (2007) that these two cavities could be produced by wide internallysupersonic jets with a half-opening angle larger than 50
• . On the other hand, the bottom-right panel of Figure 4 shows the Chandra X-ray image of Cygnus A (Reynolds et al. 2015) , superposed with two radio lobes (6 cm emission in contours; Perley et al. 1984) . The green dotted line encloses a center-wide cavity, whose East (left) edge is constrained from the corresponding radio lobe, while whose West (right) edge is determined from the contrast in X-ray surface brightness. The other cavity in the opposite direction seems also to be centerwide, though its edge is less clear. According to our numerical results (Fig. 2) , these center-wide cavities were produced by light, internally-supersonic jets, which can still be seen now in radio (Perley et al. 1984 ) and X-rays (Wilson et al. 2006 ).
The jets in Cygnus A were previously modeled in Carvalho et al. (2005) as very-light (η ∼ 10 −4 ) internally-supersonic jets.
However, Carvalho et al. (2005) adopted a constant-density atmosphere, while in realistic cluster atmospheres, our simulations (Guo 2015) demonstrated that very-light internally-supersonic jets produce cylindrical cavities, as also seen in Krause (2005) .
The radio lobes in Cygnus A were also studied with cosmic-ray hydrodynamic simulations in Mathews & Guo (2010) and , which however did not directly model jet evolution (but instead using two "phantom hotspots" to inject cosmic rays).
Thus, Figure 4 suggests that there are two different types of AGN jets in real galaxy clusters: internally subsonic and internally supersonic jets. The internal Mach number M int points to the energy content of AGN jets. The value of M int is connected with the ratio of the jet's kinetic energy density (e kin = ρ jet v 2 jet /2) to thermal energy density (e th ):
which is derived from the definition of M int :
Here P jet = (γ − 1)e th denotes the pressure within the jet, and γ is the adiabatic index of the jet material (γ = 5/3 for ideal thermal gas). Thus internally supersonic jets roughly correspond to jets energetically dominated by the kinetic energy, while internally subsonic jets are jets energetically dominated by non-kinetic energy, such as thermal energy, cosmic rays ( A dichotomy of radio-mode AGN feedback has also been previously seen in radio observations, i.e., FanaroffRiley (FR) type I and II radio sources (Fanaroff & Riley 1974) . It would be very interesting to investigate the connection between the jet dichotomy suggested in our current study and the FR dichotomy inferred from radio observations, and the origins of both dichotomies. While FR I radio sources seem to prevail over FR II sources in galaxy clusters, an observational study on the relative frequency of internally subsonic and supersonic jets may shed new insights onto radio-mode AGN feedback.
POSSIBLE EVIDENCE FOR VERY LIGHT JETS FROM OLD X-RAY CAVITIES
Studies of young X-ray cavities in the previous section suggest that there are two different types of AGN jets according to their internal Mach number. How do they evolve differently in the ICM and what do we learn by comparing their evolution in numerical simulations with observations? This is a more difficult question to probe, as additional physics, such as shear viscosity (Kaiser et al. 2005; Reynolds et al. 2005; Guo et al. 2012; Guo 2015) and magnetic tension (Kaiser et al. 2005; Jones & De Young 2005; Ruszkowski et al. 2007 ), may play a significant role in the long-term jet evolution. Pure hydrodynamic simulations of initially-static cavities predict that cavities are quickly disrupted by Rayleigh-Taylor (RT) and Kelvin-Helmholtz (KH) instabilities (Reynolds et al. 2005) , while more realistic simulations of cavities directly inflated by AGN jets show that they are more stable to these interface instabilities (Pizzolato & Soker 2006; Sternberg & Soker 2008b) , possibly due to strong vortices formed in cavities as seen in Figure 3 . In addition, Figure 3 further shows that associated with the vortex formation, the major body of the cavity tends to evolve into a torus-like structure, while if a significant level of shear viscosity is present, the torus-like feature is significantly suppressed.
Assuming that viscosity is not strongly suppressed in the ICM and adopting a constant dynamic viscosity coefficient µ visc = 100 g cm −1 s −1 , here we investigate the long-term jet evolution in four representative simulations: R1-visc2 (a very-light, internally-subsonic jet), R4-visc2 (a light, internally-supersonic jet), Rv1-visc2 (a very-light, internally-supersonic jet), and R5-visc2 (a light, internally-subsonic jet). The jet parameters in these runs are listed in Table 1 , and the results are presented in Figure 5 . With this level of viscosity (a significant fraction of the Braginskii viscosity ∼ 156(lnΛ/37) −1 (T /2 keV) 2.5 g cm −1 s −1 ), RT and KH instabilities are effectively suppressed and cavities do not evolve into prominent torus-like structures seen in nonviscous simulations (e.g., Reynolds et al. 2005 and Guo 2015) .
As shown in Figure 5 , the shapes of old X-ray cavities produced by these four types of AGN jets show some subtle differences. Old cavities in runs R1-visc2 and Rv1-visc2 appear to be flattened and elongated along the direction perpendicular to the jet direction, while cavities in runs R4-visc2 and R5-visc2 are more spread along the jet direction. This is probably because the jets in the former two runs are very light (η = 0.001), losing momentum in the ICM more quickly than light jets (η = 0.1) in the latter two runs. Interestingly, the outer northwestern X-ray cavity in Perseus (ghost cavity enclosed in the dashed line in the left-bottom panel of Fig.  4 ) is also significantly flattened (pancake-shaped), bearing morphological similarity to old X-ray cavities produced by very light jets in runs R1-visc2 and Rv1-visc2 at t = 100 Myr. While the pancake-shaped ghost cavity in Perseus was previously argued to be attributed to RT instabilities (Soker et al. 2002) , in our scenario it instead Figure 5 . Long term evolution of four different types of AGN jets in hydrodynamic simulations, shown from left to right: a very-light, internally-subsonic jet (run R1-visc2), a light internally-supersonic jet (run R4-visc2), a very-light, internally-supersonic jet (run Rv1-visc2), and a light, internally-subsonic jet (run R5-visc2). With color bars chosen to maximize the cavity contrast, the images show synthetic X-ray surface brightness maps in the logarithmic scale at t = 60 Myr (top panels) and 100 Myr (bottom panels), while the jet is only active for the first t jet = 5 Myr.
provides tentative evidence for the existence of very light AGN jets in galaxy clusters.
Both light and very light AGN jets may exist in real clusters, as we argued above that the outer cavity in Perseus was produced by a very light jet, while the jets in Cygnus A are light (see Sec. 3). Previous simulations of radio-mode AGN feedback usually adopted light AGN jets (e.g., Gaspari et al. 2011 and Yang & Reynolds 2016) , while very few studies explored very light jets (e.g., Krause 2003; Krause 2005; Guo & Mathews 2011) . It is possible that very light jets play an important role in radio mode AGN feedback, as further discussed in the following section.
POTENTIAL IMPORTANCE OF VERY-LIGHT INTERNALLY-SUBSONIC JETS IN AGN FEEDBACK
In the previous two sections, we provide evidence for the existence of both internally subsonic jets and very light jets in galaxy clusters, based on the shapes of young and old X-ray cavities, respectively. Which further suggests that very-light internally-subsonic jets may exist in real clusters. While light internally-supersonic jets, which may indeed exist in some clusters (as possibly in Cygnus A), have often been adopted in numerical investigations of radio-mode AGN feedback, very-light internally-subsonic jets may play a more important role.
Among various types of AGN jets classified based on density contrast and the internal Mach number, verylight internally-subsonic jets contain the lowest momentum density for a given total energy density e tot = e kin + e th . The momentum density of a jet p jet = ρ jet v jet = (2ρ jet e kin ) 1/2 may be written as
where we have used Equation (1). For a fixed value of e tot , a jet with smaller values of ρ jet = ηρ atm and M int has a lower momentum density p jet , and thus verylight internally-subsonic jets have lower momentum density compared to very-light internally-supersonic, light internally-subsonic, or light internally-supersonic jets.
Due to lower density and momentum, very-light internally-subsonic jets are expected to decelerate faster in the ICM. As seen in Figure 5 , the cavity produced by a very-light internally-subsonic jet in run R1-visc2 rises slowest, and its average distance to the cluster center at t = 100 Myr is around 25 kpc, corresponding to an average rising speed of 245 km/s. This speed is substantially smaller than the sound speed in the Virgo's ICM c s = 726(k B T /2 keV) 1/2 km/s, which is often adopted as the cavity rising speed in observational studies (e.g., Rafferty et al. 2006) . It is also slightly smaller than the buoyancy rising speed 0.5v s estimated by Churazov et al. (2001) , possibly due to the additional effect of viscosity in our simulation (as also seen in Fig. 7 in Guo 2015) .
In particular, very-light internally-subsonic jets rise much slower in the ICM than light internally-supersonic jets often adopted in numerical simulations of radiomode AGN feedback (e.g., Gaspari et al. 2011 and Yang & Reynolds 2016) . They spend longer time in inner regions of galaxy clusters, possibly having a higher efficiency of coupling their energy to cool cluster cores (through shock heating, turbulent heating, or mixing) and alleviating the problem of low coupling efficiencies associated with light internally-supersonic jets seen in previous studies (Vernaleo & Reynolds 2006) . A detailed study of this speculation is out of the scope of the present paper.
SUMMARY AND DISCUSSION
The evolution of hot gas and massive galaxies in galaxy groups and clusters depends strongly on the energy input from central SMBHs via radio-mode AGN feedback, whose effectiveness is potentially affected by the properties of AGN jets on kpc scales. Previous studies have been usually focused on light internally-supersonic jets (e.g., Gaspari et al. 2011 and Yang & Reynolds 2016) . In this paper, we provide evidence for the existence of both internally subsonic jets and very light jets in real galaxy clusters, by comparing observations of the shapes of young and old X-ray cavities with a series of jet simulations. We further argue for the first time that there may be a dichotomy of radio-mode AGN feedback in galaxy clusters originated from internally-subsonic and internally-supersonic AGN jets, and discuss the potential importance of very-light internally-subsonic jets in AGN feedback.
The shapes of young kpc-sized X-ray cavities resulted from jet interaction with the ICM may be used to probe jet properties. From a suite of ideal jet simulations, we conclude that top-wideness of X-ray cavities is a good indicator of the internal Mach number of AGN jets. Internally subsonic jets produce bottom-wide cavities, while internally supersonic jets tend to produce non-bottom wide cavities, including center-wide, top-wide, or cylindrical cavities. This result is very robust, as projection effect, jet size and duration do not affect top-wideness appreciably.
We looked at two archetypical radio-mode AGN feedback events in Perseus (Reynolds et al. 2015) and Cygnus A (Fabian et al. 2000) . The two X-ray cavities in Cygnus A appear to be center-wide, suggesting that they were produced by light internally-supersonic jets. On the other hand, the two inner cavities in Perseus are bottomwide, indicating that they were possibly produced by internally subsonic jets. These two examples suggest that internally subsonic AGN jets indeed exist and there may be two different types of AGN jets in galaxy clusters divided by the internal Mach number.
Our simulations show that there are subtle differences in the long-term evolution of different types of AGN jets. Very light jets tend to evolve into old cavities significantly elongated along the direction perpendicular to the jet direction (i.e., "pancakes" described in Churazov et al. 2001) , while light jets evolve into old cavities more spread along the jet direction. The outer northwestern X-ray cavity (ghost cavity) in Perseus appears to be a "pancake" viewed edge-on, suggesting that it was produced by a very light jet. Another possible example of pancakeshaped old cavities is the outer 8-shaped radio lobes in M87 (Owen et al. 2000) , which do not appear to be cavities in deep X-ray maps (Million et al. 2010 ). This is not consistent with the picture of double spherical radio lobes, which would have appeared as two clear cavities in X-ray maps. On the other hand, this mystery may be easily explained if the radio lobes are pancakes viewed close to face-on, which produce much less depressions in X-ray surface brightness.
Recent simulations of jet-mode AGN feedback (e.g., Yuan et al. 2015; Yang & Reynolds 2016 ) often assume that most or all of the material accreted by the central SMBH is ejected in AGN jets, which tends to trigger light or possibly even heavy jets in simulations (though not explicitly stated in these studies). However, this assumption is not consistent with detailed MHD simulations of black hole hot accretion flows, which instead found that almost all the accreted material is ejected in winds (Yuan et al. 2015 ; also see Yuan et al. 2012b and Yuan et al. 2012a) . AGN jets were predicted in these studies to only carry away a small fraction of the accreted mass, and very light jets may be common.
We further point out that very-light internallysubsonic jets may be present in real galaxy clusters, and play an important role in radio-mode AGN feedback.
Compared to light internally-supersonic jets often adopted in previous numerical studies, verylight internally-subsonic jets decelerate faster and rise much slower in the ICM, possibly depositing a larger fraction of jet energy to cool cluster cores and thus alleviating the problem of low coupling efficiencies (Vernaleo & Reynolds 2006 ) without invoking precessing jets or wide jets proposed recently (e.g., Yang & Reynolds 2016; Hillel & Soker 2016) .
In our simulations of long-term jet evolution, a significant level of shear viscosity is adopted to suppress interface instabilities and the formation of torus-like structures. Viscosity has also been invoked in the ICM to explain the coherent structure of cold filaments often observed in cool-core galaxy clusters, which would otherwise have been easily disrupted by turbulence (Fabian et al. 2003) . A substantial viscosity level in the ICM is also consistent with the stability of cold fronts observed in some galaxy clusters (e.g., ZuHone et al. 2015) .
